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l6 1 ICRIWT Presentation: 
Yield Variability in 
Sorghum and Millet 
Thomar S. Walker ond John R WllCOmb. 
The objective of this sunmary is limited. Only the main 
findings in the four ICRlSAT papers are highlighted (Workshop Papers 
17. 30. 31. and 35). Additionally, we report the results of colla- 
borative research between the All - l n d ~ a  Coord~nated Sorghum Improve- 
ment Project and lCRlSAT on y ~ e l d  variability In improved and local 
carohurn oenatvaer.  Ye do not attemnt to make a conlorehensive 
-&;s;meni- if'Liit lCRlSAT or natronai Dropram research on yield 
'"Triibility in sorghum and millet in the semiaiid tropics 
PEARL UlLLET YIELD VARlABlLITY IN SOUTH ASIA 
The International Pearl Uillet Adaptation Tr,al (IPNAT), which 
has both hybrids and varieties as entries, has been grown multiloca- 
tlonally in India and Pakistan. The data for grain yield over five 
years were analyzed rn a number of ways to examine the stability of 
the entries. 
A regression analysir shows that the hybrids were generally 
higher yielding than the varieties but were less stable (Table 16.1). 
Table 1 6 , l - - W i ! ! e t  yield \ n  t h e  l n t e ~ n a t l o n a l  M!!let Pmar! l r > a l 3 ,  19?9-8G 
Adlus ted  Mean 
W.n G r l l n  Ylcld Square ~ r r o ~ ~  Me111 S l o p e  
Y e  H i d  a s  Hybrids Y a l i e t l e l  Hybrlda v a r l r r l r l  
jti!~grams p e r  hectare1 
111.1 not held i n  1982 .  
Ad jus ted  fa1 lwlnp th. w t h o d  o f  LD.mart and Rurs.1 l 1 9 6 6 ) .  
The w s t  important source of genotype x environment interaction in 
th regression analysis was due to the deviation from the regressions 
(55d values) rather than to variation between the regressions. The 
varieties rere superior to the hybrids in this respect, having lower 
than avcrapc sZd values. 
Although regression analyses are helpful in testing selection 
procedure. it is an inescapable conclusion that to obtain an overall 
picture of how stability and mean yield are to be traded off, other 
analyses are required. A mean.variance analysis (Einswtnger and 
Barah 1980) shows that the highest yielding genotype was always 
preferred among the risk efficient entries (Figure 16.1). Similarly, 
a flrst-degree stochastic efficiency analysis (Anderson et al. 1977) 
indicates that the hybrids, despite their inferior stability in a 
regression rnalysis, were more risk efficient than the varieties. 
The analyses demonstrated that the breeders' procedure of 
selecting among the highest yielding entries across environments ls 
satisfactory. Such an emphasis will usually select entries that 
perform well in poor environments and that would be chosen by risk- 
averse farmers. 
ne variety' from an advanced cycle composite, ICMV 81111, 
corn& d both high yield and stability. A variety both high yielding 
and stable is a desirable alternative to a hybrid, particularly in 
view of the simpler seed multiplication procedures and the reduced 
susceptibility of varieties to ergot and smut. Moreover, as dis- 
cussed in Yalker (Workshop Paper 30), individual hybrids in Indla 
have proven to be most unstable in yield from year to year due to 
their rapld increase in rusceptibll~ty to downy mildew. There is 
every reason to expect that the more genetically diverse variety 
would become susceptible in a less rapid and spectacular manner. 
SORGHUM YIELD VARIABILITY I N  INDIA 
A  mean-var iance a n a l y s i s  was used t o  measure r t a b i l ~ t y  ( i n t e r -  
temporal )  and a d a p t a b i l i t y  (ove r  space) components o f  va r i ance  w i t h  
m u l t l l o c a t i o n a l ,  multiyear, yield da ta  f o r  sorghum i n  I n d i a  (Barah e t  
11. 1981).  A d a p t a b i l i t y  and s t a b i l i t y  were h ? g h l y  c o r r e l a t e d .  Only 
t h e  s t a b i l i t v  comoonent i s  r e l e v a n t  f o r  farmers i n  t h e ~ r  adoot ion 
d e c i s i o n .  AeasuGes o f  farmers '  r l s k  ave rs lon  were used t o ' r a n k  
genotypes accordrng t o  p re fe rences  t h a t  take account o f  b o t h  y r e l d  
and s t a b i l i t y .  Since y ~ e l d  d l f i e r e n c e s  ve re  l a r g e  and r i s k  ave rs ion  
moderate, preference-based tanking d,d n o t  d , f f e r  markedly from 
y i e l d - b a s e d  rank ings .  
These r e s u l t s  a re  comfo r t i ng  t o  sorghum breeders i n  I n d i a  and 
perhaps elsewhere as w e l l .  Rank~ngs  based on y i e l d  and r ~ s k  p re fe r .  
ence were ve ry  c l o s e l y  r e l a t e d ,  e n t ~ r e l y  agreeing w i t h  t he  r e s u l t s  
ob ta ined  f o r  pea r l  m i l l e t .  H w e v e r ,  f u r t h e r  analyses o f  sorghum a re  
r e q u i r e d  t o  see whether t h l s  I S  a l s o  the case w l t h  l e s s  f e r t l l l z e r  o r  
p l a n t  p r o t e c t i o n .  Fur thermore,  a d a p t a b j l l t y  and s t a b i l i t y  a re  h l g h l y  
r e l a t e d ,  suppor t i ng  a  m u l t l l o c a t i o n a l  b reed lng  and testing approach 
i n  t he  p u r s u l t  o f  b o t h  low risk and h i g h  yields. 
PEARL MILLET YIELD VARIABILITY IN  NIGER 
To examine y l e l d  v a r i a t i o n  and v a r r a b ~ l i t y  w i t h  t r a d i t i o n a l  and 
Improved techno log ies  i n  West A f r l c a ' r  Sahel ,  a  s e r l e r  o f  t e s t s  were 
managed by farmers i n  western N ige r  i n  1982 and 1983 I n  f o u r  v i l -  
l ages ,  w i t h  a  t o t a l  sample s i z e  o f  about 100 fa rmers .  Each farmer 
had one p l o t  o f  t h r e e  t rea tmen ts :  11 - -  l o c a l  m i l l e t  w i thou t  
chemrcal f e r t l l l r e r .  TZ - -  l o c a l  m , l l e t  w i t h  30 u n i t s  o f  nltrooen 
(u rea )  and I 8  u n i t s  of  Dhosohate and 73 - -  imoroved m l l l e t  w i t h  i h e  
;&me fertilizer dose a s ' l 2 . '  ' 
F e r t i l i z e r  ~ 7 t h  bo th  l o c a l  and Improved c u l t i v a r s  (72 and 73) 
s i g n i f i c a n t l y  Increased mean y l e l d ;  however, p l a n t i n g  an improved 
genotype (T3) had no s ? g n i f l c a n t  e f f e c t  on y l e l d  (Table 16 .2 ) .  Based 
on mean d a t a  f o r  t h e  v j l l a g e  by yea r  combinations, t h e  mean standard 
d e v i a t i o n  increased f rom T I  t o  TZ t o  1 3 .  Treatment 3 .  w l t h  a  lower 
mean y i e l d  a n d  a  h ~ g h e r  standard d e v l a t l o n ,  was i t o c h a s t , c a l l y  
i n e f f i c i e n t  compared t o  TZ. Compared t o  T I ,  t he  i nc reased  y i e l d  o f  
TZ amply compensated f o r  additional r i s k ,  Fertilizer inc reased  y i e l d  
o f  t he  l o c a l  v a r i e t y  f o u r f o l d ,  f o r  a  u n i t  change I n  standard dev ia -  
t i o n .  A l l  bu t  t he  most extremely r i s k - a v e r s e  farmers would p r e f e r  TZ 
t n  T1 .- ... 
These r e s u l t s  support  t he  emerglng s t o r y  on m l l l e t  production i n  
West A f r i c a  t h a t ,  up t o  t he  p resen t ,  lmprovpd genotypes have n o t  
c o n s i s t e n t l y  y i e l d e d  appreciably more than l o c a l  c u l t i v a r s  and t h a t  
moderate doses o f  f e r t i l i z e r ,  p a r t i c u l a r l y  phosphate, can be p r o f i t -  
a b l y  a p p l i e d  w i t h  l i t t l e  o r  no ~ n c r e a s e  I n  r i s k .  
SORGHUM AND PEARL MILLET YIELD VARIABILITY I N  INDIA 
Hybr ids  re leased  i n  the l a t e  1960s account f o r  about 40 percent  
o f  sorghum and 60 pe rcen t  o f  p e a r l  m i l l e t  p l a n t e d  area I n  I n d i a .  
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irrigated area .  For pea r l  m l l l e t ,  t he  l e v e l  o f  h y b r t d  diffusion and 
r ~ g a t e d  area was p o s ~ t i v e l y  and s i g n l f l c a n t l y  assoc ia ted  w i t h  
anger i n  y i e l d  covariance. k ' 
I n  o t h e r  words, the p roduc t i on  and g e n e t i c  env,ronments are 
becoming more s l m l l a r  o v e r  t lrne, and ~ t  1s this growing s l m , l a r i t y  
t h a t  i s  ma in l y  respons>b le  f o r  i nc reas ing  p roduc t i on  v a r i a b l l ~ t y  at  
t he  n a t l o n a l  l e v e l  f o r  these c rops .  Increased y l e l d  covar iances are 
t o  be expected,  because hyb r lds  have a  narrow gene t l c  background. 
For example, t h e  b u l k  o f  h y b r i d  sorghum area ) n  l n d l a  i s  p lan ted  t o  
f o u r  h y b r i d s ,  CSHI, CSH5, CSH6, and CSH9. The l a t t e r  t h r e e  have the  
same male pa ren t .  CSISPI, Most o f  t he  c o m m e r c ~ a l l y  a v a i l a b l e  pea r l  
m i l l e t  h y b r i d s  i n  the p e r ~ o d  under study were produced from the  same 
seed pa ren t .  
The f i r s t - g e n e r a t i o n  p e a r l  m i l l e t  h y b r r d r .  HBI. H B 3 ,  and W84.  
became ex t reme ly  s u s c e p t ~ b l e  t o  downy mildew, resulting I n  s i g n i f i -  
can t  economic l osses  I "  t he  e a r l y  1970s a f t e r  inoculum had b u l l t  up 
i n  farmers '  f i e l d s .  I n  response t o  those l osses ,  farmers i n  several  
major  p roduc ing  regions r e v e r t e d  t o  l o c a l  t ypes .  Hyb r id  adop t i on  
r a t e s  plumneted. I n  t he  m idd le  and l a t e  1970s, h y b r i d  adop t i on  again 
p i cked  up as farmers accepted the  second-generat ion h y b r i d s ,  whrch a t  
t h a t  t ime  were much l e s s  suscep t i b le  t o  downy mi ldew. S l m i l a r ,  
a t y p i c a l  adopt ton p a t t e r n s  i n  p roduc ing  reg ions  as f a r  d i s t a n t  as 
Tami l  Nadu and Maharashtra bear app le  testimony t o  the  problem o f  
i n c r e a s i n g  p r o d u c t i o n  covar iances caused by the  re lease  o f  supersus-  
c e p t i b l e  c u l t i v a r s  (Figure 16 .2 ) .  
Jud i c ious  v a r i e t a l  r e lease  s t r a t e g y  and sound t r a d e  and storage 
p o l i c i e s  can c o s t - e f f e c t i v e l y  o f f s e t  most, i f  no t  a l l ,  t he  i n s t a b l l -  
i t y  c o s t s  a r i s l n g  f rom Inc reas ing  y t e l d  covariance. However, f n  t h e  
absence o f  such efficient p o l i c i e s ,  i n v e s t i n g  i n  c rop  resea rch  t o  
m a i n t a i n  and enhance r e s i s t a n c e  t o  y i e l d  reducers and t o  broaden 
g e n e t i c  v a r i a t i o n  w i l l  have s t a b i l i t y  b e n e f i t s  a t  t he  n a t l o n a l  l e v e l  
ove r  and above r e t u r n s  t o  i nc reased  production. I n  any case, more 
c o v a r i a t e  r e g i o n a l  y i e l d s  and the  r e s u l t i n g  i nc reased  p r o d u c t i o n  
v a r i a b i l i t y  were a  smal l  p r i c e  t o  pay f o r  p r o d u c t i v i t y  growth 
a t t r i b u t e d  t o  t h e  sorghum and p e a r l  m i l l e t  h y b r i d s .  
HOUSEHOLD INCOME VARIABILITY IN  INDIA'S SEMIARID TROPICS 
Much Of t he  investment i n  breeding pa tho logy ,  entomology and 
phys io logy  a t  t he  cen te rs  o f  t he  Consu1t;tive Group on international 
A g r i c u l t u r a l  Research I S  almed a t  developing h i g h e r  y i e l d i n g  and more 
s t a b l e  y i e l d i n g  v a r i e t a l  technologies, which Increase ou tpu t  and 
improve e q u i t y  and n u t r i t i o n .  Could the re  t e c h n o l o g ~ e s  a l s o  enhance 
the  we l fa re  o f  farm households by reduc ing  v a r i a b i l i t y  r n  household 
income and consumption? The answer t o  t h a t  ques t i on  h inges on the  
nexus between v a r i a b i l i t y  i n  c rop  y i e l d  and f l u c t u a t i o n s  i n  household 
i n c o w .  Ye examined t h a t  r e l a t i o n s h i p  f o r  resource-poor farm 
households i n  I n d i a ' s  semia r i d  t r o p i c s  (SAT). 
Ye r e l i e d  on household panel  data f rom th ree  ICRISAT study 
v i l l a g e s  r e p r e s e n t a t i v e  of  t h r e e  s o i l ,  c l i m a t e ,  and croq!ing reg ions  
o f  I n d l a ' S  SAT. Income da ta  f rom the  "cont inuous c u l t i v a t o r  
households ( t hose  t h a t  remained i n  t he  panel from 1975/76 t o  1983/84) 
l n a l y r e d .  f o r  these 81 households, i n f o r m a t i o n  on F luc tua t i ons  
ncorne was summarized by the cv o f  ne t  househol l l  I rcome. A  cv was 
(mated f o r  each household based on n ine  years o f  income data 
d e f l a t e d  by a v i l l a g e - s p e c i f i c  consumer p r i c e  index.  
R i s k  b e n e f i t s  were es t ima ted  under a scena r lo  of  p e r f e c t  y i e l d  
s t a b i l i z a t i o n  f o r  t he  comnon crops i n  each v i l l a g e .  Al though the  
mean household income cvs f o r  t he  producers o f  these crops v a r i e d  
f r a a  33 pe rcen t  t o  47 pe rcen t ,  t he  r i s k  b e n e f i t s  from p e r f e c t  
s t a b i l i r a t l o n  o f  c o m o d i t y  y i e l d  ranged f rom modest t o  n e g l i g i b l e  
(Table 16.4). 
I r o n i c a l l y ,  r i s k  b e n e f i t s  were l a r g e s t  i n  i r r i g a t e d  paddy, t h e  
c r o p  w i t h  t h e  l owes t  y i e l d  cv .  Removing v a r i a b i l i t y  from the  y i e l d  
Tabla 16.1--Htk b*n.fitr f r m  slu1lt.d wrf..~ crop ~l.ld 
st.bllllatlon 
Co.fficinnt ban 
O f  v.1.- R.ductlon 
:Ion of In wuw- m*n PIODDI- 
Nmbnr n~ur.hold hold i n c o ~  fion.1 nlsk 
C ~ O O  and Vlll.9. of F a n s  Inc- varl.blllkg ~ ~ r l ~  
Local 
sorghu. In Shlraour 21 31.0 -3.9 -0.2 
O.l 
cot ton  ,n 1.~2.~. 26 33.0 o e 0.2 
Hybrid 
sovghuli In Kanrar8 18 34 l 0.6 0 3 
of only one crop was simply not an effectrve way to reduce income 
variab~lity for the bast majorlty of farm households In the study 
villages. For the rainfed crop with the largest risk bencfltr. 
perfect yield stabilization would only reduce household Income 
variability by about 5 percent. Such a modest change would be worth 
less than 2 percent of mean household Income. Stabillzing the yield 
o f  one crop taps at most 25 percent o f  the potential n s k  benefits 
from perfect crop income stabilization. 
Perfect crop yield s t a b > l ~ z a t l o n  does not buy much in the way of 
risk benefits, because most farm households rely on multiple income 
sources, particularly earnrngs ~n the local labor market. Dlversi- 
fied cropping patterns are also the norm In dryland agriculture in 
India's SAT; hence farm households are not overly dependent on 
revenue from r single dominant crop. Furthermore, area vulnerability 
in dryland agriculture severely erodes the effectiveness of p o l ~ c i e s  
or technologies that work through yield to reduce variabllrty in 
household income and c o n r u m o t ~ o n ,  Nean area variability exceeded 
mean yield varrabilitr for each of the common crops 
ihese results G p p o r t  the notton that l ~ t t l e  ~f any economlc 
value should be attached to the supposed risk reduclng attributes of 
lrnoroved varietal technolaoler for resource-ooor households In 
i"Eiii*;-snr: J u c h  tichnilig'~i; should be e"a1;ated vith regard to 
their effect on mean yield or output levels, equlty, and nutrition. 
Risk benefits derived from s u ~ p o s e d  reductions in variability in 
household income and consumptiin are likely to be too small in 
practice to be measurable. More generally, focusing on crop yield 
stability t o  diminish variability in household income and consumption 
for small farm households in India's SAT is a misguided means to an 
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ad. Likewtse, w e  should not be overly concerned that the improved 
varletal technologies adopted by farmers may have accentuated yteld 
variabllity. Increased yield variability is unlikely to manlfest 
itself in markedly heightened household incone variability. 
Risk benefits f r m  technologies that dampen yield variability 
may be more substantial in Africa's SAT because resource-poor 
households may rely more heavily on crop income than similar house- 
holds in India's SAT. Also, those households are most likely to have 
f m r  effective private and ~nstitutional means to compensate for 
shortfalls in current income. More research on household risk 
benefits is needed in Africa's SAT. 
COWCLUSlON 
Uhat emerges from all these papers is a common theme: yleld 
stability is not a n  overriding or even an important objective for 
research on sorghum and millet improvement. Mean yield and profit- 
ability should remain front and center on the agenda of objectives. 
Economic gains from research by breeders, pathologists, entomola- 
~ ~ i ~ ~ ~ s ~ p h y s i o l o g i r t s  w11l be manifested in the form of higher 
In those regions where sorghum and millet hybrids have been 
adopted, maintenance research and a sound varietal release and 
testing policy are fundamental to protect farmers against the dynamic 
risk o f  increasing disease and pest susceptibility. That is one 
source o f  yield variability that sorghum and millet scientists 
clearly can do something about. 
